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SYNOPSIS 

Prom the present study it is firmly believed that 
the method of air- stripping of ammonia has a good potential 
for treating fertiliser factory waste vdiich can not be 
treated by conventional methods due to high ammonia 
concentration. Controlled experiments have been conducted 
with synthetic samples to obtain basic data regarding the 
factors, affecting the air-stripping of ammonia. Rate of 
removal of ammonia has been found to be increasing with pH 
only upto s pH value of 11, whereafter the increment is 
negligible. Hate Of removal has increased with temperature 
and rate of aeration. Initial concentration of ammonia 
nitrogen has no effect on rate of removal of ammonia . High 
urea concentrations that are usually encountered in 
fertilizer factory wastes also have no effect |air-stripping 
of ammonia. Similarly changing the ammonia scjurce in the 
synthetic sample has no effect on rate of removal. Compared 
to sodium hydroxide, lime is found to be unfavourable to 
increase the of ammonia solution-. 



I MOnjG-l 'IOIT: 

1,1 ij.icrGa.sini:; iiirlustriolisaiioji of the country 
brill ’•.,3 in many problems of environmental and health 
hazC'-i'dri, fbo adverse effect of industrial pollutioh on 
na.i'.uiMl resources, ospocia!.ly on water, has far 
reach in.,-: consequences, Wliile on one hand one is faced 
with if 15 dwindlin : sup-oly of pure water, haalth hazards 
due to chemicols and pollutcuits and depletion of aquo-'tic 
life, on the other liand industries themselves are faefn^ 
the v/ater sliortaG© for their processes, not to iaentio;g the 
requirement for domestic purposes. 

In the rec nib years the deaiand for feitilizera 
as a consoquonce of « Green resolution* prompted the estah- 
lisl'iT'iont of more fertiliser factories. While the 
produce of bho facto .eics is Uelpiivf in the grovrtli of mfcre 
food, the wastes from the factories discharged into tiK 
natural waters arc destroying fish and other aquatic i^fe. 
The deleterious effect of fertilizer’ wastes is due to 
the nutriti.-e value resoltijig in eutropMcation of the 
rocoiving hocHes. Abundant algal growths ana meager 
dissolved oxygen levels resulting from decomposition of 
algae suffocate the fish, release obnoxions compounds and 



makeo the water unfit for use 


Observations in lo.k:es (1) show that pho^hate 
and ammonia contributed bj the fertilizer wastes, can be 
used to the last ion by algae. An already occuring 
eutrophication by na'tural nutrient sources will be 
reinforced by introduction of these wastes. The 
fertilizer factory v/astec have more nutritional value and 
cause -;afcer quality problonis, resulting fiom the excessive 
activity of the photo S 5 rnthetic organisms. Eutrophication 
needs a specific enviroment of lighb, temperature, 
turbulence and nutrients like nitrogen and phosphorous. 
Since control of physical fantors is difficult, more 
stress is laid on nutrient removal (2) « 

1.2 The excessive fertilization of river v/aters poses 
many serious problems. The decaying organic matter viz* 
dead algae, causes depletion of dissolved oxygen. The 
rooted aquatic forms use oxygen in the night and effect 
fish life. Excessive blooms of algae which float on 
the surface of v/ater reach the shores where they die 
and release obnoxious odours (3, 4). The lational 
Technical Advisory Goinmittee of Water Pollution Control 
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Pedero.t ion, U,S,A. (5) oloserved that .at pH 

levels of 8 and above, total ariimonia expressed as 
nitrogen slioald not exceed 1,5 order to 

protect fish life. Ibis connnittee also mentioned that 
ammonia, can be corrosive to certain metals and materials 
of construction. Aimaonio. causes trouble in chlorination 
of water also. Resea.rch has revealed (6) that the amount 
of rice crops is decreased due to exicess nitrogen in 
irrigation waters, Ihe maiximum permissible content of 
nitrogen in the irrigation water has been mentioned 
as 10 to 20 mg/^ , Met homo globinemia in infants is 
caused by drinking 'water containing more than 20 mg/^ 
of nitrates that are formed due to biological oxidation 
of a'Xiionia (7). 

To get rid of these troubles the high concentrations 

{' 

of nutrients like amriioiila have to be removed from the 
fertilizer wastes before they are let into streams, 
Fertilizer factory v/astos are not easily treated by 
conventional methods of waste water treatment (8), since 
they contain large concentrations of ammonia and urea, 
that are toxic to micro-organisms in such ion concen- 
trations. There are large number of fertilizer factories 
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that are already existing-; and il^y more a#|i up in 

near future, 4 list of these facto i‘ies is giyen 
5)able Ho. 1 (9, 10), 
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TABIE NO.l 

EXIST IH& AflD PROPOSED gERTILIZiilR FACTORIES 
(EEE". 9 and 10) 


name of the factory 

location 

Capacity in 
Metric Tonnes 

1. 

Nangal fertilizers and 
Chemicals 

Nangal 

(Panjab) 

80,000 

2. 

Not known 

Gorakhpur 

(u.p.) 

80,000 

3. 

Unknown 

Namrup 

(Assam) 

1,52,000 

4. 

Pani^i Fertilizer Factory 

Kanpur 

(U.P.) 

2,00,000 

5. 

Unknown 

Khota 

(Rajasthan) 

13,000 

6- 

Unknown 

Barowni 

(Assam) 

1,52,000 

7 • 

Hindustan Steel ltd. 

lurgapur 

(W.B.) 

1,40,000 

8. 

Alembic Chemical 

Works ltd. 

Baroda 
(Gujrat ) 

1,20,000 

g. 

Hindustan Steel ltd. 

Rourkela 

(Orissa) 

60,000 

10. 

Unknown 

Haldia 
(W. Bengal) 

2,00,000 

11. 

Esso Standard Inc. 

Refinaries ltd. 

Trombay 1,24^000 

(Maharastra) 




12. Coramandal Fertilizers 


80,000 


13- A.P. Fertilizers and 
Chemicals Ltd. 


Vis aMi apat nam 
(A.P.) 

Kottagndem 61,500 

( A.P. ) 


14 . Unknown 

Goa 

15 • Unknown 

Mangalore 
(Mysore ) 

16. (i) 

Premier Fertilizers ) 
Ltd. ^ 

\ 

(ii) 

Madras Fertilizers < 

Ltd. ( 

1 Ma(iras 
, (T.K.) 

(iii) 

Madras Phosphate ^ 

Manufacturers Pvt .Ltd, 

1 

1 

(iv) 

Bast India Distilleries 
and Sugar Factories ) 

17 . Ueively lignite Pi-oject 

Neively 


(T.N.) 

18. Fertilizers and Chemicals Alwaye 

(Travencore) Ltd. (Kerala) 

19 . Unknown Cochin 

(Kerala) 

20. Sindri Fertilizer Unit Sindri 

(Bihar) 


1,60,000 

2.40.000 

1 . 90.000 


70.000 

24.000 
1 , 45,000 

20,000 


GHjg gER IJ. 


S COPE Qg S P UPY 

Yarious raetiio(l3 o.re available to remove t]ie high, 
concentra'^^ion of arainoiiia v/liich. include ion ezchenge, 
electro dial ^'•sis, nitrification-denitrification system 
and air stripping. Hiasen ^ al; (11 ) havf given a 
comparitivG cost and ef.i.lc-iency structure of these taethod-s, 
Tliis information is to.lmlr.ted in lahle Ko. 2» |^f^wal 
(S), Mujumdar (12) , .Hahost/ari (13) and Bhattachsxya (14) 
have worked on nitrification-denitrification syst^§* 

Even though air stripping of aimnonta raaoval has "been 
cited as the cheapest, efficient and easy to vrark with 
compared to biological methods, no details hav« been 
given eithvcr in the poper cited (11) or in the givailable 
literoturo. It v^ao felt that information on air stqp!|pping 
of c'muttoaia would be useful for treatment of fertiliser 
wastes. Since basic information was not available fbr 
design and operation of this process, an attempt has 
been made in collecting information on the effect of pH, 
temperature, concentration of oimuonia, ratf of aeration 
and effect of urea found iii the waste effj^ents. 
feasibility of the study from theoritical considerations 
is described in the following pages, 



COMPARISON OF Kmmimiriu HITROGLIT .ffiMOVAL LILTHODS 
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OM T E R III 


?Ji-gQ.RIgICAL CO NSI]D.bRAi'IOIIS Qg AIR STR IPPING 

Strippinc: i3 a physical, process of mass transfer 
from liquid phase to the gas phase (15). By sending 
fresh air into anufloiaa solution, it diffuses into the air 
bu'-bles and escapes out. In this process three phases 
are involved in the total rate of ammonia reanoval (16). 

The first phase of transfer is during bubble formation 
at the interstitial openings of the aeration devices. 

In the case of aeration devices having large openings 
and high air-flow rates the mass transfer is negligible 
in this phase. The second phase of transfer is during 
bubble ascent to the surfore. The amount of ammonia 
transfered during the ascent depends upon the moan surface 
area of all the air bubbles in ascent in the liquid, the 
concontrabion gradient and the overall diffusion co- 
efficient of ammonia. The final phaise of mass transfer 
takes place at the liquid surface when the bubbles 
escape. The distrhance of the free surface due to energy 
dissipation and the bursting bubble is responsible for 
ammonia transfe.r at the surface. It is investigated by 
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some authors (16) ths.u mass transfer during this phase 
is negligible. 


The course of ammonia removal is depicted in 
Fig. 1 in whic concentration of ammonia is plotted 
against time. The mabheiiiatical expression for this plot 
may be given as 

t A 

- ^ - s) I 


where c^ is the concentration at any time t, A is 
the area available for trcaisfer, Y is the total volume 
of liquid suboectod to stripping and S is the residual 
concentration of aimmoiiia that can not be removed even 
at infinite time. That moans, the rate of change of 
ammonia concentration is proportional to the removable 
ammonia concentration at any time 't* and to the area ■ 
available for transfer divided by the total volume of 
fluid subjected to stripping. Integration between the 
initial concentration c and final cencentration 


during any tirae 


yields the folio v/ing espression; 


Cl S 

log-^ 


rr 

xV 


2.5 ^ Y ^ 


II 


Since the interfacial area A is subject to change 



PIGUBE NO. 1 STRIPPING KIlffiTICS 


■(dt^) = K(f)(c^-S) 


c^-c^) = concentration removed 
at any time t-; 


= concentration at any time t 


= conoentration of strippatila 
'' \ material at t . 


S = residual coneentration at t= oo 


TIME 



throughout the depth of bhc tank and is extremely 
difficult to measure, this term, is generally included in 
an overall K factor. Assuming that S is sraall 
compared to c^, equation II may he rewritten as 

log —± = - IC t III 

^0 

whero ^ semi-log plot of the r<aiiaining 

concentration against tine yields a straight line, and K 

3 . 

indicates the efficiency of the particular system under 
study (17, 18). 

There are various factors which effect the 
K the rate of remove,! of ammonia. The logical approo.ch 

3 . 

therefore is first to study the factors effecting 
stripping. The materials and methods of analysis and the 
C‘ 3 cpe rir.iental details arc described in the following pages. 



OH/JPgE R lY 

Ivl AgEilI.U:,S AID MEIHODS 

4.1 I'tic analysis oi fertiliaer v^aste effluents from 
Sindri fertilizer factory and the estimated quantities 
in the Panki fertilizer factory of the Indian Explosives 
Limit od-Konpur are given in fables (3 and 4). IText to 
carbon dioxide, ammonia is in the highest concentration* 

In all the experiments conducted ammonium c3iIoride was 
used as a source of ammonia. A concentration of I4OO 
as ammonia mitrogen was used tliroughout the 
experiments except in the variable concentration experiment. 
It was observed thr'.t the 2TGssler*s method could not be 
used to determine the high ammonia concentrations which 
were encountered in these experiments, since it gave 
inconsistent results* fhe initial concentration of 
aimnonia nitrogen is generad-ly in the order of 1000 to 
1500 ng/^ .The concentration of ammonia was determined 
by micro-Kjeldhal method (19)* This method was found to 
be eaoicr and quicker and gave consistent results* A 
sketch of micro -Kjheldhal is given in Pig. 2, She 
procedure adopted is briefly as follows; 
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TIJSLE 3 


CJ-LlRaXTERI S'IIGS Qg Wxl STHWA^JS l AT S INDRI FERT ILIZER UITIT, SIITD RI 


Description 

Period 

Gonstibuents 

imalysis in 

ppm 




Max, 

Min, 

iLve, 

St room I 

May to 

lotol Pb-cnol 

8.0 

0,2 

1.6 


Junoj 1965 

Cyanide as CU 

5.0 

0.05 

1.5 



iM'im.lTitro{-;on 

238 

7.0 

88 



Suspended Solids 7190 

960 

3369 



Oil 

24 

1.0 

8.2 



Plov? in mgd 

5.2 

1.2 

2.1 

Strunm II 

May to 

P licnol 

14.0 

0.1 

0.7 


June, 1965 

Cyani de 

3.2 

0.4 

1.2 



itri. nitrogen 

939 

342 

313 



Suspended Solid 

s 790 

97 

598 



Oil 

29 

2,0 

11.5 



El-ow in mgd 

9.8 

6.2 

7.8 



Qg g,\TT PTTR 


Yolvme 107 M^/hr 


Tomp Jrature 45 *^ 

0 


Uroa 

1065 

NH 3 

1410 

COg 

1860 

Other disGolired solids 

1280 

lotol dissolved solids 

2345 

Su op ended solids 

- 

Totol solids 

2345 


tli.,uiio iii a c -il Hi t ro g eii 


1160 
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4.2 Tap water is circulated in the condenser *R** 
Stopcocks and in the closed position, the 

boiling fLa,sk *A* with distilled water and glass bead.s in 
it, is heated. About 100 liil. of distilled water is 
poured in the inlet funnel ‘E*, The stopcock is 

then closed. Then Y^ is opened and Y^ is closed when 
water starts boiling in the bulb ’B*. The v/ater in the 
distillation flask *D* is sucked back by vacuum into 
the outlet 'O’, how the apparatus is clean and the 
water in the outlet is removed by opening the valve Y 2 » 
Close ^2 a-f^cr lotting out the wa.shings. After washing 
Y^ is closed and Y^, and Y^ one opened.To-e boiling 
fl.ask is heated and roQ_uired amount of boric acid (there 
should be more milliequivalents of borate ions than the 
expected sjm'iioniuiii. ions to bo absorbed in the boric acid) 
is taken in a cohicol flask and placed at the collecting 
ond ‘C*. how a measured amount of the sample is pipe- 
tted out into the funnel *F‘ and 10 ml of 40 / sodixmi 
hydroxide solution is poured immediately into the funnel. 
The funnel is washed with a small quantity of distilled 
water and Y, is closed. Place some distilled water 
in the funnel to observe any possible leakage of ammonia. 
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iUl these operations should be done as swiftly as 
possible to avoid a.ny possible escape of amnonia through 
the funnel . jionionia in the sample is liberated out by 
steam and is absorbed in the boric acid where the 
lavender colour is changed into green. Continue the 
heading until the volume of the solution in the conical 
flask roaches o, set lv:;v i (vdiich has to bo standardized 
earlier' to see that aJ .1 the anmonla is absorbed), and 
rou'.o 10 the conical flask, Raaovo the burner and suck 
back the sodium hydro oxi do and water in the distillation 
flask ' D* . Gloa,n tho disbillation flask and replace the 
water in bhe boil in’;; flask before analysing the second 
sample, to avoid absorbing sodium hydroxide into the boric 
acid, Tho contents of tho conical flask is titrated with 
otandoonl sulphuric acid and amount of eonmonia nitrogen 
in ccJLculatod as given belov/; 


mg/// of ammonia nitrogen = 


h 14000 


\7hc;rc 

V, = Yolumo of Ho SO, used in the titration 

1 ♦- V 

H = Hbrniality of 

'v = Yolumo of the sample used 
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4»3 /in inverted six litre ^ass bottle whose bottom 
was removed, had boon used as the reactor vessel, A 
glass nozzle of 1/16*’ dia was used as the air diffuser* 

A 1 H,P . Crompton* s reciprocating pump was used as the 
source of air supply. Since the o-ir pressure varies with 
time, a Matheson pressure rcgulater (ilodel No. IH) was 
used to maintain a constant air supply. Precision 
scientific company* s Wot tost meter has been used to 
measure the rate of aeration. Phe reacter vessel is 
placed in a drum with bricks to give a firm support. 

The e35perinontal set up is shown in Pig. 3. 

4*4« As ammonia is being removed, pH will reduce and 
a ,1'Holar sodiuiu ortho -phosphate buffer has been 
used in all the osperimonts to keep the pH constant 
throughout the e^goeriment (21), ALl the pH measurements 
were done by using BecloiLoii*s expandomatic pH meter, 

4,5 To maintain the tenpierature of the solution in 
the reactor vessel at 24 ^ ice was placed in the drum#’ 
To maintain the temporaturo to be above that of the 
room, an immersion heater was used,- In . the experiments 



PIGUEE 10. 5 EXPEHi:.S::i'AI SET UP 



1 - Reactor vessel 

2 . Diffuser 

3 . Pressure regulator 
4* Wet test meter 

5. Air compressor. 



to find the effect of temperature, temperature was 
noasurcd at regular intervals of 15 minutes to see that 
the temperature was being maintained at a constant level, 
live runs at 24°, 33°, 40°, 46°, and 53°^ were conducted 
to see the effect of temperature* 



Ciypi^EEl Y 


j!XPi]RIMJti]ITT.iL RjjSULTS AlID DISGUSSIOH 

5*1 Air stripping is a physical phenomena. Bbvvover 
since the removable compoimd has to be in a state that 
C3,n be cai'ried out by the gaseous pho-se, the behaviour 
of the compound itself under various physical and chemical 
conditions is important. Thus the behaviour of ammonia 
and amnoniimi ion under different pH values, temperature 
conditions, concentrations and associated chemicals is 
described in the follovang experiments. 

5 . 2 Effe ct of pH : 

In a solution of ammonium clloride, due to 
ionization tho ions of ammonia and chloride are present 
in the solution. cl being the salt of a T/eak base 

and a strong acid docs not ionize centpercent. The 
ionization constant gives the exent of dissociation 
of the salt, KH^ is a complex stable ion, and exists 
in equilibrinm as follows C7): 



Thus unless 'bhe stable is converted to 

ammonia (M^), it will not be possible to remove 
ammonia from solution. A strong base like sodium hydro- 
xide when added to the H’ decreases the proton 
concentration (H^) b'/ the foxmation of water which is 
a poorly ionising compound. Thus equilibrium in 
equationCV) is shifted towards right, though not 
completely. Armoiiia can then be removed by air stripping. 
The equilibrium constant for removal of ammonia may be 
written as; 


cl 

mi; 

4- 

cl"* 


la OH 

Na*' 


OH" 



HI-I 5 


H*- 

Y 


+ oh'" — > H2O 


Higher the -ralue of K, the reaction constant. 
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more is the conversion of to Wiy So the fonnation 

of oranoiiia (NH^) will increase with pH. That is 


theo::^rtically, the rate,, of removal increases with pH. 

4 ,lv, . .V kr. 

However, the eqailibrium'is not 'shifted completely'to 

the right side of the equation (V). Hence there is a 
limit for ammonia fomnation and its removal with increase 
in pH, 


A solution of ammonium chloride whose 
concentration is 1500 mg/^ as ammonia nitrogen has a 
pH value of 3.2, The rate of removal of ammonia at 
this pH will be very negligible. The rate of removal 
of amiiionia with varying pH, keeping other conditions 
constant is given in Pig. 4. The variation of peroentaF'" 
reduction of anmonia with time at various pH values 
is olTown in Pig. 5* 

The rate of removal of ammonia increased upto 
a pH of 11, thereafter remaining almost constant. In 
order to obtain the pH of •!! about 6g/£ of Ha OH has 
been added. There will not bo any benefit, evidently 
to go beyond pH of 11. The results also indicate that 
the reasoning of incomplete ionization as discussed 



FIGURE NO. 4 VARIATION OF RATE OF REMOVAL WITH pH. 
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above is valid in case oi amrionia stripping. 


5 ^ of Tecip erat uro ; 

temperature effects all chemical reactions as 
well as the mass transfer rate of amraonia. Bhattacharya 
Cl 4) has shown that in the nitrification-denitrification 
system of ojimionio. resaoval, 36° is fhe optimum temperature 
and that increase in temperature will effect the 
onzynatic system of bacteria and retard the rate of 
ojmnonia remov;fL. The actual tanperature of fertilizer 
factory waste is in the range of 4-0 to 50^ '-nd so the 
temperature of the fertilizer factory waste has to be 
brought down in the nibrification—denitrification system. 
If on the other hand, it can be pioved that the rate of 
removffL of ammonia increases with increasing temperature 
the method of air stripping will be more useful. To gain 
an insight into the magnitude of its effect, experiments 
have hoen conducted on the amnonia removal at various 
temperatures. Results of the experiments, y/here the 
effect of temperature is studied, are shown in Bigs. 6 
and 7. Information below the room ten^erature and above 
the temperature of the effluents coming out from the 
factory (Refer Table 5) is collected. 



FIGURE NO. 6 YAEIATION OP RATE OP REMOVAL ?/ITH TEMPERATURE 
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As expected the rate of removal of ammonia iias 
increased with temperature. This information is highly 
useful in fex'tilizer industry v;astes, where the temperature 
of the wastes vd.ll ranci^g hetv/een 4-0° and 50°. Ho 
cooling of the wastes is required with air stripping 
since temperature has a hotter effect on removal of 
aitmio nia. 


5,4 Effe ct of Rate of Aeration ; 

Being a mo-ss transfer process, the rate of 
ammonia removal will he more with the increasing rate 
of aeration. Data on che effect of rate of aeration on 
volatile compounds of petrochemical wastes is available 
and it has been stipulated that the rate of raaoval 
is proportional to rate of aeration (18) and that it 
follows the equation + RQ 

v/here R is the slope of the line drawn between 
and Q and is the intercept of the line. Since no 
such data is avj.ilablG on ammonia stripping investigation 
is made to see whether the rate of removal and rate of 
aeration follow the first order equation. The data is 
presented in Pig* 



FIGU^ K0.8 VAEIi.TION OP E/.TE OP EEMOVAL WITH 
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The relationship between the rate of removal .-C 
,?,rLd unit air flow rate Q., K = + RQ as given by 

JSngolbreGht (18) held veJ-id in the present study, Air 
flow rate v/as varied from 3 f/minuuo to 14 litres/minute. 
Being a mo.ss transfer process as the air supply increa,ses 
the area, available for raass transfer also increases 
and hence the rate of removal increases with rate of 
aeration, Tvro types of buble formations are generally 
observed in aeration do /ices and in all aeration processes 
chain like bubbles (swarm of babbles) are formed (22). Ror 
this type of bubble foimation the diameter of the bubble 
and its ascending velocity can bo calculated as given by 
Van Krevelen et al (23). Using Bewtra*s data .(15) and 
the bubble characteristics, it has to be investigated 
V7hother the rate oi remov;.';! of atmonia can be caJ-culated 
directly gi,^Gn the rat-j of aeration and tank geometry,- 

5*5 Eff ect of Initial Concentration ? 

The rate of aiiimoiria removal K has to r amain j 

constant irrespective of the initial amraonia concentration,! 

f 

since we are using first order kinetics, to characterise i 
the stripp ability of ammonia, Majumdar (12) has proved 
that at higher initiaJ. concentration (1400 mg/£ ) the 
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nitrifying bacteria arc inhibitocl and the nitrification- 
denitrification sysuoni fails. ib5)eriments have been 
conducted vdth various initial concentrations to see 
v\fhether there is any effect of initial concentration on 
olr stripping. 

It is cleaxly Icnom at this stage that the rate 
of ammonia removal follows first order equation and it has 
been experimentally vcD/ified that initial concentration 
has no effect on rate of removal. It has been found that 
the degree of ionij!,ation of the weal: electrol3rtes is 
quite indepondenu of concentration (7)* Ihe K values 
for four different initial concentrations are tabulated 
in lable 6, ■ 

In nitrif ication-denitrification systons 
there exists an inliibitory concentration of ammonia for 
the survival of the b-icteria and the influent concentration 
of ammonia lias to be suitably adjusted. Ihorc is no 
such necessity in the air stripping of ammonia* 

0.6 iii ffect of Urea ; 

In all the ammonical fertilizer v/astes, there 
exists a considerable concentration of urea (iefer 

Urea reo,dily hydrolizes enzimatically 


Tables 4 . 
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into anunonia and tiiore will be an adverse effect of 
high, urea concentration 0:1 the nitrification— denitrifi- 
cation system, lixperiments have been conducted to see 
whether there is any significant effect of urea on the 
mass transfer of aruiionia. The K values with various 
urea concentrations are tabulated in Table 7* 

It is found that urea has no effect on the mass 
transfer of ammonia, into air, HDwever, the rate of 
emmaonia removal is slightly more with urea in the 
synthetic sample 

5 . 7 Effec t of Changing i himonia So u rce; 

Experiments wore conducted to see whether 
thuro y/as any change in the rcmovol of ammonia by 
ohanginr; the a’.mionia source in the sample* Ec-imonium 
sulphate is used in bhc place of ammonium citLoride, It 
was found that the »K’ value has not changed with 
the change of source. It was not expected also according 
to the chemic-al eqjJiilibria discussed before. These 
experiments were done to take into consideration of the 
wastes from ammonium sulphate fertilizer factories. 
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^ ® of Lixio ; 

Sinc3 esqjcrinientoJ. control will be less by 
usinc; lime to increase the pH, soditiia hydroxide was used 
in .all the 035) Grime ntrj, Ovron though line is cheap* ihi 
CJ5)Oiiiiiont was conducted by usirig lij'.ie in place of 
sodiur.3 hydroxide. The fertilizer fo.ctory wastes have 
a Goiisidorable amount of su^ended solids which will 
off'.'Ct the process of mass transfer. By using lime . 
the effect of suf 5 )Gndcd solids on the rate of removal 
of ammonia can also bo observed. 

To bring the pK t'-> 11 about 6g/^ of Ha OH was 
used in experiments. Tho amount of lime required to 
raise the pH to 11 was 28 g/l . The rate of removal of 
rumnonla (K) by using liiuo to raise the pH is as low as 
O.Oj hr"’^ ennpared to the rate of removal value of 0.11 hr 
by using sodium hydro3rldo. The uso.go of lime has the 
greatest disadvanttage of forming suspended solids in 
the liquid wtiich slackens the efficiency of maos transfer 
to a vory groat exent. 



oimTm. VI 


^NCLOSipHS: 

Based on the exp ex ament rJL data dnd discussion 

pi’osentod in the px'ovious pages the following conclusions 

may bvj drav/n; 

1) Most suitable pH for air stripping of airimonia 
is pH 11. 

2) •The rate of ai.monia, removal increases with 
tenperaturc, 

3) She rate of ommonia removal follows a first order 
equation with the rate of aeration. 

v) IiiitiitL concentration has ix> affect on the rate 
of ai'imonia rcsnovcl. 

5) ITrea has no effect on the rate of ammonia removal. 

6) 1 cheungo in emmorJLa source has also no effect on 
oi.imonia removal. 

7) Treatment with limo to raise the pH is not as 
effective as the treatment with sodium hydroxide. 



GII/J?'JE R VII 


SUCTGjjS...'IOHS 'iGR ITJETHi iia W) M. 

1) 7fork on air-strippiiiG of ammonia should be done 
under steady state conditions, 

2) A comparison of air requirements should be made 
botv 7 ' 3 on open ta,iil'C aaid closed column systems, 

3) Rocearch should bo carried out to find the rate 
of removal of ammonia directly, by Tonowing the 
tank geometry, bubble characteristics and rate of 
aero,tion for easy design of treatment plants. 
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